Abstract: Six phenolic compounds and one steroid were isolated from the leaves of Perilla frutescens Britton var. acuta (red perilla) with Japanese dietary pickled plum (Ume). These compounds were identified based on UV, MS, 1 H-NMR and , and caffeic acid methyl ester [7] . In the bioassay, remarkable superoxide scavenging activity was found in the 1-butanol extract, and 20% methanol-water eluate, 50% methanol-water eluate and methanol eluate of an Amberlite XAD-2. In addition, remarkable superoxide scavenging activity was found in rosmarinic acid and rosmarinic acid methyl ester which are those isolation compounds. Moreover, we synthesized caffeic acid derivatives which were metabolic product of citrusin C and rosmarinic acid, and pharmacological effects such as superoxide scavenging activity used metabolite (vanillic acid, 4-hydroxy cinnamic acid, ferulic acid and isoferulic acid) of the chlorogenic acid as a starting material, and synthesized glycoside. And we examined their superoxide scavenging activity and tyrosinase inhibitory activity (Step1 as L-Tyrosine substrate;
Introduction
Perilla frutescens is a half-hardy annual herb native to China belonging to the family Labiatae, and is classified into Perilla frutescens (L) Britton var. acuta Kudo forma viridis Makino (green perilla) and Perilla frutescens (L) Britton var. acuta Kudo (red perilla) (1) . Perilla is famous as a Japanese herb, and has an English name of Japanese basil.
Perilla is known to be a medical herb having not only preservative and bactericidal effects but also hidropoietic, antipyretic, and analgetic effects, and effects on improvement of allergies, such as atopy and pollinosis. Since perilla has many medical effects, it has long been a subject of many studies. It has been reported (2-6) that perilla contains scutellarin, rosmarinic acid, caffeic acid, prunasin, perilloside A-E, sambunigrin, citrusin C, ursolic acid, oleanolic acid, tormentic acid, methyl rosmarinate, andamanicin, and magnosalin. Recent studies have indicated the mechanism of action of perilla on allergic symptoms.
Allergy is caused by excessive protective reaction, in which the tumor necrosis factor (TNF) is deeply involved. Although TNF is an important substance in the biological protection mechanism, its continuous and excessive production sometimes causes disorders in various tissues, and induction and aggravation of various diseases (7) . Yamazaki et al. (1) demonstrated in 1992 that extracts from perilla suppressed excessive production of TNF. Oyanagi et al. reported that skin cream containing 1-5% perilla extracts improved atopic dermatitis in about 80% of the patients examined (7).
Imaoka et al. (8) found in 1993 that perilla extracts suppressed the production of anti-dinitrophenylimmunoglobulin E (DNP-IgE) antibody, and suggested that they were useful for the prevention and treatment of type I allergy. Type I allergy is considered to occur by secondary response of specific IgE when individuals with specific IgE produced by sensitization of an allergen are exposed to the same allergen. Therefore, suppression of anti-DNP-IgE antibody production by perilla extracts may be useful for the treatment of patients with allergy.
Ishihara et al. (9) indicated in 1999 that extracts from red perilla leaves suppressed the production of Th2 cytokines, and maintained the Th1/Th2 balance by preventing increases in the level of Th2 cytokines. In living organisms, IgE antibody is produced by action of T cells on B cells. T cells consist of Th1 cells, which are involved in cell-mediated immunity, and Th2 cells, which are involved in humoral immunity. IL-4 and IL-5 cytokines secreted from Th2 cells act on B cells, and induce production of IgE antibody and differentiation and growth of eosinophils, resulting in characteristic allergic symptoms. Therefore, suppression of excessive Th2 reaction by controlling the Th1/Th2 balance is very important for the treatment of allergy. Such suppressive effects of extracts from red perilla leaves may improve allergic symptoms. It was indicated in 2002 that perilla components, andamanicin and magnosalin, suppressed induction of iNOS and TNF-a (6). Another perilla component, rosmarinic acid, is known to have various effects, such as antimicrobial, antiviral, anti-inflammatory, and antioxidation effects (10) . Furthermore, it has been suggested that rosmarinic acid improves hepatic dysfunction by removing activated oxygen and nitrite peroxide (11) , and that rosmarinic acid and its metabolite, caffeic acid, have an antidepressant-like effect (12) . Currently, many pharmacological studies on perilla are being conducted, and new methods for the utilization of perilla are drawing attention.
In Japan, green perilla been used as a garnish served with raw fish due to its antimicrobial effects on fish toxicity, while red perilla leaves have been used for coloring umeboshi (Japanese dietary pickled plum). Although perilla has various pharmacological effects as described above, most red perilla leaves used for making umeboshi are treated as industrial waste because no utilization methods have been developed, except for the small amount eaten as "yukari". In this study, to develop a method for the utilization of red perilla waste, we searched for functional compounds in used red perilla leaves, and investigated effects of superoxide scavenging activity and inhibition of tyrosinase activity.
Isolation of functional compounds
The used red perilla leaves (6.3 kg, the leaves of Perilla frutescens (L.) Britton var. acuta Kudo (red perilla) with Japanese dietary pickled plum (Umeboshi)) were chopped by a commercial blender, and homogenized after making up the total volume to 3 L with water. Cold ethanol (7 L) was added to the water solution, and the mixture was allowed to stand overnight in the dark. And ethanol extracts were obtained by filtration and vacuum concentration. Methanol extracts of the residues were obtained by the same procedures. The ethanol extracts and methanol extracts were mixed, and extracted with hexane, then with 1-butanol. After removal of the solvent, the 1-butanol extract (434.2 g) was deposited on an Amberlite XAD-2 column (5 90 cm, Japan Organo Co., Ltd., Japan), washed with 3 L of water, and fractionated by successive elution with 4 L of 20% methanol-water, 7 L of 50% methanol-water, 7 L of methanol, and 4 L of acetone. Each eluate was concentrated under vacuum, applied to a silica gel column (Wako gel C-300, Wako Pure Chemical Industries Ltd., Japan), and chromatographed with chloroform- 
Superoxide scavenging activity.
Superoxide scavenging activity (13, 14) was determined by NBT reduction with a Wako SOD test kit (Wako Pure Chemical Ind. Ltd.). A mixture (2.1 mL) of sample (a 15 mM Me 2 SO solution; 0.1 mL), nitroblue tetrazonium (NO 2 -TB) solution, xanthin solution, xanthinoxidase and superoxide dismutase was incubated at 37 for 20 min. Sodium dodecyl sulfate was then added to the mixture and absorbance was measured at 560 nm.
Inhibition of tyrosinase activity.
Tyrosinase activity (13, 14) was determined by the dopachrome method with L-tyrosine or L-DOPA as substrate. 
Where T 1 is difference in absorbance of the control before and after incubation and T 2 is difference in absorbance before and after incubation.
Synthesis

Methylation.
To a 0 Et 2 O solution of acid [4,3-CA (ferulic acid), 3,4-CA (isoferulic acid), 4-CA (4-hydroxy cinnamic acid), and 4,3-BA (vanillic acid)] was added successively diazomethane in Et 2 O. After being stirred for 30 minutes, the solution was added AcOH, and concentrated to -2 ml. The residue was chromatographed over silica gel with hexane-EtOAc (7 : 3) to give methyl ester (4,3-CAM, 3,4-CAM, 4-CAM, and 4,3-BAM).
Glycosidation. Methyl ester (1 mmol) and 1,1,3,3-tetramethylurea (1.5 mmol) solution in CH 2 Cl 2 (5 mL) was added to a suspension of acetobromo-a-D-glucose (1.5 mmol) and Sn(OTf) 2 (1.5 mmol) in CH 2 Cl 2 via cannula. After being stirred for 18 h at room temperature, the reaction mixture was quenched with aqueous NaHCO 3 solution, followed by extraction with CH 2 Cl 2 (20 mL 3). The extract was washed with saturated aqueous NaCl (20 mL), dried over anhydrous Na 2 SO 4 , and concentrated in vacuo. The residue was chromatographed over silica gel with hexane-EtOAc (1 : 1) to give acetyl glucopyranoside (0.83 mmol, 83%)] as white crystals. To a solution of acetyl glucopyranoside (0.83 mmol) in MeOH-THF (1 : 1, 9 mL) was added 1 M MeONa (1 mL). After being stirred for 1 h at room temperature, the reaction mixture was treated with Dowex 50WX8-100 and filtered. The filtrate was concentrated in vacuo. The residue was chromatographed over silica gel with CHCl 3 -MeOH (5 : 1) to afford glucoside as white crystals (0.80 mmol, 96%).
Inhibitory effect on melanogenesis using cultured B16 melanoma cells B16 murine melanoma cells were cultured in Dulbecco's MEM medium supplemented with 5% heat-inactivated (56 , 30 min) fetal bovine serum at 37 in a humidified atmosphere containing 5% CO 2 . Compound testing in vitro was performed using the protocol of Curto et al. (15) . The cellular-based assays were performed in triplicate at least twice. On day 1, a total of 10 5 melanoma cells were added to each well of the 24-well plates, and were incubated at 37 in 5% CO 2 . On 2 day, concentrated stock solutions were prepared of test compounds at 20 mg/mL in "vehicle" (50% propylene glycol, 30% ethanol, 20% water), followed by incubation at 55 for 30 min to dissolve the compounds. Serial dilutions of each stock solution were prepared at concentrations ranging from 1000 to 50 mg/mL, in 10% vehicle/90% PBS, by attenuating the concentrated stocks 10-fold in PBS solution. Solutions were exposed to cells on day 2 in triplicate wells at final concentrations ranging from 100 to 5 mg/mL (1% vehicle. 9% PBS, 90% medium final concentration). On day 4, the cells were examined using an inverted phase microscope for viability. On day 6 (following 4 days of agent exposure), the assays were terminated by replacing the medium with PBS.
(a) Determination of melanin content Melanin content was determined using the published protocol (15) . The melanin inhibition assays were performed in triplicate at least twice. After washing the cells with PBS, we decanted the wash by inversion and emptied the wells by tapping the inverted plates on paper towels. The cells were lysed with 1 mL of 1 N NaOH and pipetted repeatedly to homogenize. (b) Cytotoxicity assay Cytotoxicity assay was obtained following the protocol of Curto et al. (15) . The cytotoxicity assays were performed in triplicate at least twice. After washing the cells with PBS and emptying the wells by inversion and tapping the inverted plates against paper towels, 0.5 mL of 0.1% crystal violet in 10% ethanol was added to each well. After staining the wells for 5 min at room temperature, the stain was decanted by inversion, and the plates were rinsed four times in beakers of water. After rinsing, the plates were emptied once again as described. To extract crystal violet from the cells, 1 mL of 95% ethanol was added to each well, and the plates were placed on a rotating platform for 20+ min. For analysis, 100 mL of solution was transferred from each well into appropriate wells in 96-well plates. To determine the relative number of cells in each well, we measured the absorption by crystal violet in the solutions at 540 nm using a Benchmark Plus Microplate Spectrophotometer (Bio-Rad Laboratories, Inc.).
Results and Discussion
1 Antioxidant Substances Contained in
Leaves of Perilla frutescens in Umeboshi Red perilla leaves used for making umeboshi (6.3 kg) were immersed in 70% ethanol overnight, and ethanol extracts were obtained by filtration and vacuum concentration. Methanol extracts of the residues were obtained by the same procedures. The ethanol extracts and methanol extracts were mixed, and extracted with hexane, then with 1-butanol. The 1-butanol extracts were divided into 5 fractions with water, 20% methanol-water, 50% methanol-water, methanol, and acetone by adsorption column chromatography using an Amberlite XAD-2.
The following 7 compounds were isolated and purified by repeated silica gel chromatography and gel filtration; 1 (9.0 mg) from the acetone eluates, 4 (17.0 mg), 2 (13.5 mg), and 3 (44.0 mg) from the methanol eluates, and 5 (13.7 mg), 6 (4.7 mg), and 7 (2.7 mg) from the 20% methanol-water eluates ( Figs. 1 and 2) .
Melting points (mp), specific rotation, and spectral data (MS, 1 H-NMR and 13 C-NMR) of 1, 2, 3 and 7 were found to agree with those of authentic b-sitosterol, shisonin, kaempferol 3-O-rutinoside and caffeic acid methyl esrer, respectively, which had isolated in our 
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ealier study (14) . showed nineteen carbon signals comprised of two carbonyl carbon signals, twelve aromatic carbon signals, two olefinic carbon signals, one methane carbon signal attached to an oxygen atom, one methylene carbon signal and one methoxy carbon signal. In the HMBC spectrum, long range couplings were observed, confirming the connection of the methoxy group attached to a carbonyl carbon. Based on the foregoing evidence, the structure of 5 was determined to be rosmarinic acid methyl ester.
The molecular weight of 6 was found to be 326 by FAB/MS; Negative FAB/MS showed a peak at m/z 325 Therefore, the structure of 6 was determined to be 4-bglucopyranosyl cinnamic acid.
Thus, seven compounds have now been successfully isolated from the leaves of Perilla frutescens (L.) Britton var. acuta Kudo (red perilla) with Japanese dietary pickled plum (Umeboshi).
Superoxide scavenging activity was examined using the 1-butanol extracts and eluate fractions from the Amberlite XAD-2 adsorption column, water eluates, 20% methanol-water eluates, 50% methanol-water eluates, and methanol eluates (Fig. 2) . As shown in Table  1 , more than 85% suppression was observed in all fractions, except for the water eluates. The suppression rate was highest in the 50% methanol eluates (EC 50 = 12.89 ppm).
The superoxide scavenging activity of the purified compounds 4 and 5 demonstrated that the suppression rate was 89.2% and 55.1%, respectively ( Table 2 ). The EC 50 of compound 4 was as low as 45.63 mM.
These results indicated that red perilla leaves used for making umeboshi, which are discarded as waste, contained large amounts of compounds suppressing activated oxygen, such as rosmarinic acid. It was also found that large amounts of antioxidant substances were obtained by adsorption column chromatography of extracts from red perilla leaves used for making umeboshi. 
Toward Use of the Leaves of red perilla
2 Synthesis of Metabolic Derivatives of
Chlorogenic Acid and Their Cosmetic Usefulness It is well-known that release of CFC gas, which is used as a refrigerant for refrigerators and air conditioners, in the atmosphere causes expansion of ozone holes. This increases the amount of ultraviolet radiation reaching the ground, causing biological problems such as increases in the formation of melanin, which causes blotches and freckles. Formation of melanin can be suppressed by inhibition of tyrosinase acting between tyrosine, DOPA, and DOPA quinone in the melanin biosynthesis pathway or by elimination of activated oxygen generated by various biological reactions and ultraviolet radiation. As background, research and development of new skin-whitening agents for the protection of the skin from ultraviolet radiation is being actively performed.
We previously reported that citrusin C (eugenyl O-b-D-glucopyranoside) (16) was a very effective skinwhitening agent among the components isolated from leaves of Celosia argentea L. (17) and Hibiscus sabdariffa (14) native to Africa. In section 1, we indicated that rosmarinic acid contained in perilla leaves had high SOD-like activity. In this section, we synthesized, using chlorogenic acid metabolites as the starting materials [vanillic acid (4,3-BA), 4-hydroxy cinamic acid (4-CA), ferulic acid (4,3-CA), isoferulic acid (3,4-CA)], glycosides showing pharmacological effects, such as superoxide scavenging activity, which have a skeleton similar to that of citrusin C and a rosmarinic acid metabolite, caffeic acid, and evaluated their cosmetic usefulness.
Chlorogenic acid is contained in plant foods, such as coffee and sweet potatoes, and shows pharmacological effects, such as superoxide scavenging activity and inhibition of generation of mutagenic and pathogenic substances. Such substances are degraded to caffeic acid, ferulic acid, and vanillic acid in living organisms by plant foods containing chlorogenic acid (18) . Table 3 shows the results of the inhibition test of tyrosinase activity (Step 1: L-tyrosine as substrate, Step 2: L-DOPA as substrate) and the test of superoxide scavenging activity using the synthesized compounds. Table 3 also shows the results of these tests using arbutin as a control.
Since tyrosinase in the biosynthesis pathway of melanin, which causes blotches and freckles, acts as the catalyst of the hydroxylation reaction converting tyrosine into DOPA and of oxidation of DOPA into DOPA quinone, inhibition of tyrosinase activity is considered to suppress formation of blotches and freckles. We per- Step 1 (Tyrosine)
Step 2 (L-DOPA) We performed further studies to estimate the in vitro inhibitory effects of synthetic compounds of metabolic derivatives of chlorogenic acid on melanogenesis. The inhibitory effects of synthetic compounds of metabolic derivatives of chlorogenic acid on melanogenesis in cultured B16 melanoma cells are shown in Table 4 . More than 40% suppression was observed in 3-b-glucopyranosyl isoferulic acid methyl ester (3,4-CAGlc) and 4-hydroxy cinnamic acid methyl ester (4-CAM).
In this study, to target practical applications as a cosmetic compounding agent, we synthesized glycosides for enhancement of the stability of compounds and skin penetration. Although the results obtained in the in vitro experiments were not as good as expected, they may be interpreted as positive if it is considered that glycosides readily penetrate the skin to be hydrolyzed in vivo.
Conclusions
The following 7 compounds were isolated from red Toward Use of the Leaves of red perilla perilla leaves used for making umeboshi, and their structures were identified; b-sitosterol [1] from the acetone eluates, shisonin [2] , kaempferol-3-O-rutinoside [3] and rosmarinic acid [4] from the methanol eluates, and rosmarinic acid methyl ester [5] , 4-b-glucopyranosylcinnamic acid [6] and caffeic acid methyl ester [7] from the 20% methanol eluates.
The SOD tests as an assessment of the biological environment demonstrated that activated oxygen was markedly suppressed in the 1-butanol extracts from red perilla leaves used for making umeboshi and the following eluate fractions from the adsorption column; 20% methanol eluates, 50% methanol eluates, and methanol eluates. Rosmarinic acid and rosmarinic acid methyl ester isolated from the eluates showed marked superoxide scavenging activity, indicating that these compounds were involved in the eluates.
In this study, we synthesized ( Fig. 3) , using chlorogenic acid metabolites as the starting materials [vanillic acid (4,3-BA), 4-hydroxy cinamic acid (4-CA), ferulic acid (4,3-CA), isoferulic acid (3,4-CA)], glycosides showing pharmacological effects, such as superoxide scavenging activity, which have a skeleton similar to that of citrusin C and a rosmarinic acid metabolite, caffeic acid, and performed an inhibition test of tyrosinase activity (Step 1: L-tyrosine as substrate, Step 2: L-DOPA as substrate) and an elimination test of activated oxygen using the synthesized compounds. As a result, the inhibition rate of tyrosinase activity was 67.5% with isoferulic acid (3,4-CA), 93.9% with isoferulic acid methyl ester (3,4-CAM), 91.9% with 4-hydroxy cinnamic acid (4-CA), and 82.6% with 4-hydroxy cinnamic acid methyl ester (4-CAM) in Step 1. In Step 2, the inhibition rate was 65.1% with 3,4-CA (isoferulic acid), 53.8% with 3,4-CAM (isoferulic acid methyl ester), and 73.5% with vanillic acid methyl ester (4,3-BA). In Steps 1 and 2, isoferulic acid (3,4-CA) and isoferulic acid methyl ester (3,4-CAM) showed high inhibition rates, suggesting their high skin-whitening effects. The examination of activated oxygen elimination demonstrated that the inhibition rate was 43.6% with ferulic acid (4,3-CA), 57.9% with ferulic acid methyl ester (4,3-CAM), and 55.2% with 4-hydroxy cinnamic acid (4-CA). Melanin inhibition and cytotoxicity were examined by using cultured B16 melanoma cells. More than 40% suppression was observed in 3-b-glucopyranosyl isoferulic acid methyl ester (3,4-CAGlc) and 4-hydroxy cinnamic acid methyl ester (4-CAM). In this study, to target practical applications as a cosmetic compounding agent, we synthesized glycosides for enhancement of the stability of compounds and skin penetration. Although the results obtained in the in vitro experiments were not as good as expected, they may be interpreted as positive if it is considered that glycosides readily penetrate the skin to be hydrolyzed in vivo.
These results indicated that a large amount of antioxidants could be obtained by a simple method using red perilla leaves used for making umeboshi, which are usually discarded as waste, and suggested that skinwhitening compounds are produced using such red perilla leaves. This study indicated that red perilla leaves used for making umeboshi, which have been treated as industrial waste, may be industrially utilized as a food additive and a cosmetic material.
